Diagnoses and notes on biology and distribution of Japanese species of the suberis and angulifasciella groups of the genus Ectoedemia Busck, 1907 are given. Two species, E. chasanella Puplesis, 1984 and E. ortiva Rocienė &, are reported for the first time from Japan and their morphology is redescribed. In addition, we provide molecular identification of the two species and their relatives based on COI barcode sequences and the nuclear gene (EF1-α) sequences. The female of E. chasanella is described for the first time. We confirm that E. chasanella utilizes Quercus species (Fagaceae) as its hostplant: Q. dentata, Q. serrata, Q. crispula, and Q. acutissima. Ectoedemia ortiva was formerly placed in the suberis group, and its host plant was unknown. We move this species to the angulifasciella group and provide evidence that it utilizes Ulmus sp. (Ulmaceae) as its host plant.
Introduction
Nepticulidae include some of the smallest moths in the world, with over 900 species described to date. Ectoedemia Busck, 1907 is the third largest genus in Nepticulidae and consists of about 95 named species (van Nieukerken et al. 2016; Stonis et al. 2016; Stonis & Remeikis 2018) . This genus is mainly distributed in the temperate zone, with 76 species described from the Palearctic region. In Ectoedemia, Fagaceae form the most important host plant family and are also the most likely ancestral hosts for three species groups: the suberis, ornatella, and subbimaculella groups (Doorenweerd et al. 2015) . The suberis group is composed of ten species, three of which are known from the East Palearctic, i.e., E. chasanella Puplesis, 1984 , E. ortiva Rocienė & Stonis, 2013 and E. paraortiva Rocienė & Stonis, 2014 There are no host records for the suberis group in the East Palearctic, although E. chasanella was expected to utilize Q. dentata Thunb. and Q. mongolica Fisch. ex Ledeb (Puplesis 1994) . Until now, the suberis group has not been recorded from Japan, although the larvae can be easily distinguished from other species groups, because they feed only on Quercus species and are green in color, whereas larvae in other groups are usually yellow or pale green (van Nieukerken 1985; van Nieukerken et al. 2010) .
The Ectoedemia angulifasciella group is the most diverse group globally and is composed of 26 named species Stonis et al. 2016) . The angulifasciella group consists mainly of Rosaceae-feeders, but with some species known to utilize Ulmaceae, Betulaceae, Nyssaceae (sometimes included in Cornaceae), or Staphyleaceae (Wilkinson & Newton 1981; van Nieukerken 1985; Doorenweerd et al. 2015) . In Japan, four species, i.e., E. pilosae, E. picturata, E. occultella, and E. jacutica (Puplesis 1994; van Nieukerken et al. 2010 van Nieukerken et al. , 2012 van Nieukerken et al. , 2016 Hirano 2013 Hirano , 2014 and at least three unnamed species are recorded (Oku 2003; Owada et al. 2006; Hirano 2009) .
In this paper, we document two newly recorded species for Japan, E. chasanella and E. ortiva, both recognized as members of the suberis group, and both previously known only from their type localities in far eastern Russia. Results and discussion DNA analysis. Five specimens of E. chasanella (3 ♂, 1 ♀, 1 larva) and two specimens of E. ortiva (2 ♂) were used for DNA analysis. One specimen of E. chasanella (SaY50, NEPSY001-19) was in poor condition and only part of the barcode region (321 bp) was obtained. Based on this sequence, SaY50 showed only 1 bp difference (Table 2 , K2P distance, 0.31%) from two specimens of Japanese E. chasanella (SaY35, . The intraspecific variation of E. chasanella (665 bp) showed 0.15-0.94% pairwise distances in the COI region. The intraspecific variation of E. chasanella was 0.21% in the EF1-α region. According to the interspecific pairwise K2P distances in the COI region, E. chasanella showed 4.17-6.15% pairwise distances from the most similar species, E. caradjai (Table 2) , which is consistent with the results of Doorenweerd et al. (2015) . Ectoedemia chasanella also showed 5.36-5.70% pairwise distances from E. aegilopidella. In the EF1-α region, the interspecific pairwise distances of E. chasanella is similar to E. caradjai (3.19-3.85%). On the other hand, the sequence of E.aegilopidella isn't similar to E. caradjai (5.39-5.82) compared to other suberis group species (Table 3) . Ectoedemia heckfordi is the most similar species based on the EF1-α region of E. aegilopidella (4.11%). To identify the closely related species of E. chasanella, we need to get reliable sequcences of E. aegilopidella because the sequence data for E. aegilopidella is only one sample in each gene and half length.
Based on the pairwise distances, two samples of E. ortiva were very similar to that of "Ectoedemia Ulmus-Korea" (Doorenweerd et al. 2015) , which belongs to the angulifasciella group (Table 4 , 2.82%). The results of pairwise distances of E. ortiva in the EF1-α region are also similar to that of "Ectoedemia UlmusKorea" (Table 5 , 3 bp, 0.62%). In Lepidoptera, COI-based divergence values between species are usually larger than 3% (Herbert et al. 2003) . In Ectoedemia, the maximum intraspecific distance of COI was as high as 3.5% while EF1-α values remain below 2.0% (van Nieukerken et al. 2012) . In this case, the pairwise distances of two genetic regions fall below these thresholds. Therefore, "Ectoedemia Ulmus Korea" most likely is the same species as E. ortiva, unless it is an exceptional case of barcode sharing, as in the European E. rubivora complex in which COI fails to distinguish species, and interspecific pairwise distances of the EF1-α region fall below 1% (van Nieukerken et al. 2012) . Based on male genitalia, E. ortiva and E. paraortiva are very similar like E. rubivora complex, and we thus cannot exclude the possibility that "Ectoedemia Ulmus Korea" is in fact E. paraortiva.
Both Maximum Likelihood and Bayesian trees showed the same topology ( Fig. 37 ). Doorenweerd et al. (2015) showed the monophyly or paraphyly of the species group using six gene regions, and our results also seems to support their results. Ectoedemia chasanella was supported as the member of the suberis group, while Ectoedemia ortiva was shown to be a member of the angulifasciella group.
Taxonomy
Check list of the Ectoedemia suberis and angulifasciella groups in Japan suberis group 1. Ectoedemia chasanella Puplesis, 1984 angulifasciella group 2. Ectoedemia ortiva Rocienė & Stonis, 2013 3. Ectoedemia pilosae Puplesis, 1984 4 . Ectoedemia picturata Puplesis, 1985 5 . Ectoedemia occultella (Linnaeus, 1767) 6. Ectoedemia jacutica Puplesis, 1988 
Ectoedemia suberis group
Species of this group mine leaves of Quercus species. The shape of the mines is a blotch, and the color of larvae is green. According to van Nieukerken (1985) , the male genitalia of this species group have a large curved valva, one pair of single carinae, and a simple gnathos. Female genitalia are characterized by weak development of the vaginal sclerite and spiculate pouch, a globular bursa covered with pectinations, and wide, similar, oval signa.
This species group is distributed only in the Palearctic region. All species in the West Palearctic and the East Asiatic E. chasanella form monophyletic clusters with high bootstrap support (van Nieukerken et al. 2012; Doorenweerd et al. 2015) , while the phylogenetic position of other members of the suberis group (E. ortiva and E. paraortiva) is unknown. Puplesis, 1984 (Figs. 1-8, 13-18, 24-34, 58) Ectoedemia chasanella Puplesis, 1984: -mura, 29.vii.1995, N. Hirano; 1 ♀, Higashikawate, Akashina-machi, 12.viii.1969, N. Hirano; 1 ♀, Komuro, Azusagawa-mura, 25.vi.1994, N. Hirano; 1 ♀, Kamanosawa, Azusagawa-mura, 30.vii.1978; 1 ♀, 22.vii.1979; 1 ♀, 2.viii.1980; 1 ♂, 10.vii.1982, N. Hirano; 1 ♀, Ohkuchizawa, Toyoshina-machi, 7.viii.1980; 1♂, 25.vii.1981; 1 ♀, 12.viii.1982; 2 ♀, 2.vii.1994; 1 ♂, 1 ♀, 8.vii.1994; 2 ♂, 10 ♀, 15.vii.1994; 1 ♂, 7 ♀, 25.vii.1995; 1 ♀, 5.viii.1995; 1 ♀, 26.viii.1995; 1 ♂, 3 ♀, 12.vii.1996, genitalia , 19.viii.1995; 1 ♀, 26.viii.1995 1 ♀, 26.viii. , genitalia slide no. NH-1082 4 ♀, 19.vii.1996; 2 ♀, 20.vii.1997; 1 ♂, 4.vii.1998; 1 ♀, 29.vii.1998, N. Hirano; 1 ♀, Tomikusa, Anan-cho, 24-25.vii.2004; 1 ♀, 21.viii.2004, N. Hirano; 3 ♀, Kojiro, Tenryu-mura, 19-20.vii.2008; 1 ♀, 19.vi.2009 (Klimesch, 1978) ; the two share special scales on the underside of forewing in the male and similar female genitalia. However, E. chasanella can be identified by the flatten pseuduncus (ventral globular in E. aegilopidella), the central element of gnathos (broad in E. aegilopidella), and the pectinations in spiculate pouch (very few small spines, without pectinations in E. aegilopidella). This species is also similar to E. caradjai, but can be identified by the absence of a hair-pencil (white in E. caradjai) and the presence of distinct yellow special scales under costal fold on the underside of the forewing (absent in E. caradjai) in the male, and the smaller number of antennal segments (43-51 segments in the male of E. caradjai and 30-32 segments in the female of E. caradjai ). This species also can be distinguished by the distinct anterior emargination and broad central element of gnathos in the male genitalia and spiculate pouch with a slightly sclerotized area anteriorly in the female genitalia.
Ectoedemia chasanella
Male (Figs. 1, 2, 4, 5, 7, 8) . Forewing length 1.8-2.8 mm (n = 10), wingspan 4.4-5.9 mm (n=10), antennae with 39-40 segments (n = 5). Head with frontal tuft yellowish orange; collar yellow cream; scape and pedicel cream; flagellum light grayish yellow. Thorax and tegula yellow cream posteriorly with fuscous scales. Forewing with basal half fuscous; medial fascia cream, posteriorly wide; distal to fascia with fuscous coarse scales, ochreous ground coloration appearing near the edge, scales of these areas long and basally transparent; cilia line interrupted; fringe cream, posteriorly brownish gray; underside light grayish brown; basal half with yellow cream scales, at costal margin with long hair-like scales (Figs. 5, 7 left wing), under hair-like scales with large, cream and oval lamellar androconial scales (Figs. 5, 8 right wing) covered with transparent large scales ( Fig. 8a) . Hindwing brownish gray, basal half covered with yellow cream scales; costal margin basally weakly expanded; frenulum yellowish orange; hair-pencil and androconial scales absent; fringe brownish gray; underside basally ochreous, other parts brownish gray. Legs and abdomen dark brownish gray, abdomen dark brownish gray, posteroventrally cream; anal tuft dark cream.
Female (Figs. 3, 6) . Forewing length 2.2-2.6 mm (n = 10), wingspan 5.0-6.0 mm (n =10), antennae with 24-27 segments (n = 5). Essentially as in male. Underside of forewing basally without long hair-like scales and androconial scales. Hindwing basally slender with costal bristles; frenulum absent. Fascia of forewing tending to be wider than that of male.
Male genitalia . Capsule length ca. 290 μm (n = 6). Valva ca. 180 μm (n = 6). Phallus 330-370 μm (n = 6). Pseuduncus developed; tip roundish. Lateral arm of gnathos basally thick and tapering toward the tip; central element tapering but not sharp. Valva strongly curved inwardly; distal process tapering and pointed; inner margin basally projected and concaved at middle; outer margin roundish. Transverse bar of transtilla moderately; lateral arm thick; sublateral process moderate in length. Vinculum with anterior emargination; lateral lobe developed and apically sharp. Phallus cylindrical; median carinae thick and short tip roundish; vesica with many minute spinelike cornuti.
Female genitalia . Corpus bursae 530-580 μm (n = 4). Signa 320-380 μm (n = 4). T8 with two lateral patches of ca. 27 setae on each side. T8 posteriorly slightly concave. Anal papillae with 7-11 setae on each side. Anterior apophyses short, posterior apophyses slender, longer than anterior apophyses. Vaginal sclerite oval; anteriorly broadly projected anteriorly; posteriorly thickened. Spiculate pouch with a group of pectinations; basally weakly sclerotized. Corpus bursae with many minute pectinations and a pair of large, oval, reticular signa. Wide ductus spermathecae with ca. 3 convolution; vesicle large. Distribution (Fig. 58 ). Japan (new record): Hokkaido, Honshu, Tsushima Is., Kyushu; Russia: Far East. Host plants. Quercus dentata Thunb., Q. crispula Blume, Q. serrata Murray and Q. acutissima Carruth. Puplesis (1994) predicted the host plants of E. chasanella to be Q. dentata and Q. mongolica and our result confirmed this prediction. Quercus dentata, Q. crispula (the latter sometimes regarded as a subspecies of Q. mongolica (Okaura et al. 2007 )), and Q. serrata belong to the section Quercus, whereas Q. acutissima belongs to the section Cerris (Satake et al. 1989 ). According to this wide host range over the section, E. chasanella seems to be able to utilize other Quercus species. In Japan other deciduous oaks also occur: Q. variabilis Blume and Q. aliena Blume. However, E. chasanella may not occur in these forests, because these plants grow mainly in the warm temperate zone, whereas E. chasanella was collected in the cool temperate zone in Japan.
Biology . Eggs are deposited on the upper side of the leaf, apparently in a random manner. The early mine is a linear gallery filled with dense frass. The later mine becomes suddenly a blotch, with dense frass, but not filling the entire blotch. The cocoon is light brown. Larvae are green, collected in October. The adults emerged from May to July of the following year, which indicates univoltinism.
Remarks. Two reared males from Hokkaido (Fig. 1) have basal wing markings that differ from those of other specimens (Fig. 2) . This unique intraspecific difference may be an aberration or a desquamation of surface black scales. Otherwise, morphological characters such as male genitalia (Fig. 16) showed no difference, and the molecular data showed these specimens to be conspecific; i.e., 1/321 bp (0.31%) different from Japanese (Kyushu) specimens and 3/321 bp (0.94%) different from Russian specimens. Paler basal wing marking owing to desquamation of scales is also observed in Ectoedemia olvina Puplesis, 1984. 
Ectoedemia angulifasciella group
Many species in the angulifasciella group utilize Rosaceae, and almost all the described Japanese species, except E. occultella and E. ortiva, are known to utilize Rosaceae. The adults usually have a shining metallic fascia, and males have a hair-pencil, which in some species is lost secondarily (van Nieukerken 1985) . In the male genitalia, the phallus has one pair of carinae, often with additional spines, and the valva has a more-or-less straight inner margin (van Nieukerken 1985) . Diagnosis. This species is very similar to E. paraortiva Rocienė & Stonis, 2014 based on the male genitalia. It can be identified by the fascia of the forewing (absent in E. paraortiva) and the androconial scales surrounding the hair-pencil (absent in E. paraortiva). These extensive androconial scales are absent in other East Palearctic species in the angulifasciella group. This species and E. paraortiva also can be distinguished from other Ectoedemia by their short and thick phallus (whereas other species have a slenderer phallus).
Male (Figs. 9-12 ). Forewing length 2.2-2.5 mm (n = 4), wingspan 4.9-5.6 mm (n = 4), antennae with 31-32 segments (n = 4). Head with frontal tuft yellowish orange; collar yellow cream; scape and pedicel cream; flagellum grayish yellow. Thorax and tegula fuscous. Forewing fuscous; medial fascia cream; cilia line interrupted; fringe outer margin cream, posterior brownish gray; underside grayish brown. Hindwing dark brownish gray; costal margin basally expanded; frenulum yellow cream; hair-pencil yellowish cream, ca. 0.3 length of hindwing; androconial scale surrounding hair-pencil slender and yellowish cream; fringe of hindwing dark brownish gray. Legs and abdomen dark brownish gray; anal tuft brownish yellow. Male genitalia . Capsule length ca. 250 μm (n = 2). Valva ca. 160 μm (n = 2). Phallus 290-310 μm (n = 2). Pseuduncus weakly projected. Lateral arm of gnathos basally slender and subapically curved inwardly; central element of gnathos with small sclerite apically. Valva trapezoid; basally not projected; distal process tapering and sharp; subapically with a small projection inwardly near outer margin; inner margin more-or-less straight, Female. Unknown. Distribution (Fig. 59 ). Japan (new record): Hokkaido; Russia: Far East. Host plant. Unknown. Probably Ulmus sp. (Ulmaceae) because similar species utilize Ulmus as larval hosts. Biology. Adults were collected in June and July. Remarks. This species is herein recognized as a member of the angulifasciella group. In male genitalia, species of the suberis group have a large curved valva, while E. ortiva has a more-or-less straight inner margin that is recognized as a diagnostic character of the angulifasciella group. Moreover, in the angulifasciella group, the carinae of male genitalia often have additional spines, and E. ortiva also shares this trait. However, E. ortiva has remarkable androconial scales surrounding the hair-pencil. This is not observed in other East Asian species in the angulifasciella group, while modest androconial scales are observed in some species such as Ectoedemia pilosae. Moreover, European E. spinosella (de Joannis, 1908) and American E. ulmella (Braun, 1912) and E. nyssaefoliella (Chambers, 1880) have distinct androconial scales (van Nieukerken 1985; Johansson et al. 1990; van Nieukerken et al. 2018; van Nieukerken pers. comm.) . Thus, the presence of a hair-pencil and androconial scales on hindwing are not the best characters for assigning a species to a species group, although these traits are very useful for identification at the species level.
Based on the similarity of the male genitalia, it is suggested that E. paraortiva also belongs to the angulifasciella group. Puplesis, 1984 (Figs. 38, 42-44, 54, 60) Ectoedemia pilosae Puplesis, 1984: Diagnosis. This species can be distinguished from other described species of the angulifasciella group species by the pale color of the scape, the long cream-white hair-pencil (ca. 0.45 times as long as hindwing), and the forewing with strong silver reflections at the base. The thin triangular pseuduncus, slender sublateral process of transtilla, and slender median carina in the male genitalia are also useful in distinguishing it from other members of the angulifasciella group.
Ectoedemia pilosae
Barcode data. The DNA barcode of one specimen (BOLD: AAP1383) was generated and deposited in Gen-Bank with accession number LC467968. The DNA barcode of this species is closest to that of "Ectoedemia Rosa-Taiwan" based on BLAST in GenBank, and the similarity between them is 94.07%.
Biology. The Japanese population utilizes Agrimonia pilosa Ledeb. var. japonica (Miq.) Nakai as the host plant. Eggs are depostied on the underside of the leaf. The leafmine starts as a contorted gallery with blackish frass, and later becomes a broad serpentine gallery with dense, narrow, blackish frass. Larvae light yellow, found between September and October, which indicates univoltinism.
Distribution (Fig. 60) Owada et al. (2006) , also utilizes Agrimonia pilosa in Japan. However, the two can be easily distinguished because E. pilosae makes a contorted mine whereas S. alikurokoi makes a linear mine. Moreover, E. pilosae is distributed in the cool temperate zone, whereas S. alikurokoi is distributed in the warm temperate zone. Therefore, these species do not occur sympatrically. Puplesis, 1985 (Figs. 39, 45-47, 55, 61) Ectoedemia picturata Puplesis, 1985: (Braun, 1925) , E. rosiphila Puplesis, 1992, E. rosae van Nieukerken & Berggren, 2011, and E. picturata. Ectoedemia picturata can be easily distinguished from E. rosae, E. marmaropa, and E. rosiphila by the yellowish orange frontal tuft, forewing with a metallic fascia, and white-cream hair-pencil (ca. 0.30 times as long as hindwing, and absent in three species). It also can be distinguished from E. angulifasciella by the long sublateral process of the transtilla and the straight inner margin of the valva. The male genitalia are similar to those of E. rubivora complex, but they can be distinguished by the wider ventral plate of the vinculum; geographic distribution and host plant also serve to distinguish it.
Ectoedemia picturata
Barcode data. The DNA barcode of one specimen (BOLD: ACU6987) was generated and deposited in Gen-Bank with accession number LC467969. The barcode of this species is closest to that of Ectoedemia spiraeae based on BLAST in GenBank, and the similarity between them is 92.40%.
Biology. This species seems to utilize only Rosa spp.; the Japanese population utilizes Rosa rugosa Thunb., R. multiflora Thunb., R. hirtula (Regel) Nakai and R. amblyotis C.A. Mey. Eggs are deposited on the upper side of the leaf. The leafmine starts as a linear gallery, filled with blackish frass, sometimes more or less contorted. The later mine becomes a broad serpentine or blotch gallery with dense blackish frass, sometimes more or less dispersed. Larvae are light yellow, found between May and October, which indicates bivoltinism or more.
Distribution (Fig. 61) . Japan: Hokkaido, Honshu, Kyushu; Russia: Far East; China: Heilongjiang Sheng.
Remarks. This species exhibits some variation in the median carina of male genitalia Rocienė & Stonis, 2014) , and the holotype ) has short median carinae while other specimens collected in the same locality as the holotype (Rocienė & Stonis, 2014) have slender and sharp median carinae. This variation is also observed in Japan where the median carinae are short in specimens collected in the northern part of the country while they are slender in specimens collected in the southern part. However, no other differences in external morphology or genitalia were observed, so we consider this as intraspecific variation. (Figs. 40, (48) (49) (50) 56, 62) For synonymy see van Nieukerken et al. 2016 . Type locality: Hammerby (Sweden).
Ectoedemia occultella (Linnaeus, 1767)
Material examined. JAPAN. Hokkaido: 3 ♂, 1♀, Hanazono, Kutchan-cho, 6.x.2017, larvae on Betula ermanii, ex. pupa 20.v.2018, S. Yagi, genitalia slide no. SY578, DNA extraction no. SaY150. Honshu: [Nagano Pref.] 1 ♂, Tateshina-kogen, 2.x.1969 , larva on Betula platyphylla, 9.v.1970 .
Male. Forewing length 2.2-2.3 mm, wingspan 5.0-5.3 mm (n = 4). Female. Forewing length 2.7 mm, wingspan 6.2 mm (n = 1).
Diagnosis. This species and E. minimella (Zetterstedt,1839) can be easily distinguished from others of the angulifasciella group by the absence of a cilia line and a long pseuduncus. Ectoedemia occultella is similar to E. minimella, and it can be distinguished by the frontal tuft in female (male with blackish tuft in E. minimella) and vesica without elongated cornuti.
In East Asia a morphologically very similar Sorbus-feeding Ectoedemia occurs sympatrically with E. occultella (Hirano 2013; van Nieukerken et al. 2016 : Supplementary material 2). However, E. occultella can be separated from it by the fuscous forewing (fuscous forewing with stronger purple sheen in the Sorbus-feeding Ectoedemia), sharper pseuduncus (a little shorter and not so sharp in the Sorbus-feeding Ectoedemia), and slender sublateral process of transtilla in male genitalia (basally thick in the Sorbus-feeding Ectoedemia). These two species are very difficult to distinguish and their host plants occur sympatrically. Therefore, records that are not based on reared specimens need to be confirmed.
Barcode data. A DNA barcode of one specimen (BOLD: ADX7742) was generated and deposited in the Gen- 
